A 2-yr study utilizing 120 mature, crossbred (Angus × Herford) cows/year, evaluated the influence of cow BCS and dried distillers grains with solubles (DDGS) supplementation during late gestation on cow performance and productivity of subsequent offspring. Treatments were arranged as a 2 × 2 factorial in a randomized complete block design with 2 BCS and with or without DDGS supplementation. Cows were nutritionally managed to enter the last trimester of gestation with a BCS of approximately 4 (LBCS) or 6 (HBCS) and were thereafter managed in a single herd (initial BCS were 4.4 and 5.7 for LBCS and HBCS treatments, respectively). During the last trimester, 12.7 kg/cow of low quality meadow hay (6.4% CP; DM basis) was provided each day. Supplemented cows were gathered and sorted into pens (12 pens; 5 cows/pen; 6 pens/BCS) every Monday, Wednesday, and Friday, and received the equivalent of 0.9 kg/cow daily of DDGS (31% CP; DM basis; supplement was consumed within 30 min on each supplementation day). Calf birth weight was greater for HBCS compared to LBCS (P = 0.001) and for supplemented compared to nonsupplemented cows (P = 0.04). Cow weight at weaning was greater for HBCS compared with LBCS (P < 0.001); however, no differences were noted because of supplementation (P = 0.16). Weaning weight was greater for the offspring of supplemented compared to nonsupplemented cows (P = 0.02). There were no differences in postweaning calf performance (growing lot and feedlot) or carcass characteristics (P > 0.05) due to treatments. Nevertheless, HBCS cows had approximately 10% more live calves at birth and at weaning (P ≤ 0.01) compared to LBCS cows. Consequently, the total weaned calf weight per cow was 26 kg greater for HBCS compared with LBCS (P = 0.004). Pregnancy rate was greater (P = 0.05) for HBCS than LBCS cows (92% vs. 79%, respectively) but not affected by supplementation (P = 0.94). This research demonstrates the potential consequences of not maintaining cows in adequate BCS at calving. Also, though it appears that supplementation of beef cows with DDGS during late gestation has a positive effect on weaning weight, there was no apparent developmental programming effect on feedlot performance and carcass characteristics of calves.
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INTRoDuCTIoN
Protein supplementation of late-gestation beef cows consuming low-quality forages has increased cow BW and BCS at calving (Sanson et al., 1990; Bohnert et al., 2002) . Cow BCS at calving is among the most important factors affecting pregnancy rate (Richards et al., 1986) , with BCS ≤ 4 cows often becoming pregnant late in the breeding season or not at all. As a result, it is recommended that cows have a BCS of 5 to 6 prior to calving to maximize reproductive performance.
Research has suggested that an insult to nutrition of the dam during gestation can influence the long-term health and productivity of offspring through a process that has been termed fetal, or developmental, programming (Barker, 2004; Wu et al., 2006; Reynolds et al., 2010) . A growing body of evidence suggests that gestational nutrition can alter offspring body composition and growth, hormonal balance, cardiovascular development, metabolic function, neonatal health, organ development and function (Wu et al., 2006; Long et al., 2009) , and gene expression (Long et al., 2010b) . However, Long et al. (2009 Long et al. ( , 2010b indicated that providing beef cows sufficient nutrition during late gestation can ameliorate many of the negative consequences of intrauterine growth restriction that occur in early to mid-gestation, specifically related to organ growth, animal performance, and carcass characteristics, even though some differences in organ cellular composition and function were not corrected by realimentation. Nevertheless, Stalker et al. (2006) provided supplemental protein to mature cows during the last 90 d of gestation and improved calf survivability, weaning performance, and economic returns. The cows used by Stalker et al. (2006) began late gestation and the supplementation period with an average BCS ≥ 5. We hypothesize cows in poor body condition (BCS ≈ 4) will respond more favorably to supplementation than cows in good condition (BCS ≈ 6).
The objectives of the current study were to determine the influence of cow BCS and dried distillers grains with solubles (DDGS) supplementation during the last third of gestation on cow reproductive performance, calf growth and performance through finishing in a commercial feedlot, and carcass characteristics.
MATERIALS AND METhoDS
All procedures were approved by the Oregon State University Animal Care and Use Committee.
Each year for 2 yr, 120 cows were used in a randomized complete block design with a 2 × 2 factorial arrangement of treatments at the Eastern Oregon Agricultural Research Center (EOARC) near Burns, OR. Factors were cow BCS (Herd and Sprott, 1996) at start of the last trimester of gestation (approximately 4 or 6; LBCS or hBCS, respectively) and supplementation level during the last trimester of gestation (0 or 0.9 kg cow -1 d-1 ). In January of each year, 120 pregnant cows were blocked by age within BCS category (6 blocks; 20 cows/block), and within block randomly allocated to 1 of 4 treatments (5 cows per treatment): LBCS with no supplementation (LBCS NS); LBCS with supplementation (LBCS S); HBCS with no supplementation (HBCS NS); HBCS with supplementation (HBCS S). The LBCS and HBCS cows were obtained each year from 120 cows selected from the EOARC herd approximately 60 d prior to study initiation (cow BCS was determined by 3 experienced individuals; 4.2 ± 0.02 yr 1 and 4.4 ± 0.29 yr 2). In the second year of the study, the 120 cows were selected from the EOARC cow herd with no consideration of previous treatments. Cows were stratified by age and randomly allocated to LBCS or HBCS groups, and the two groups were then nutritionally managed to obtain the target BCS (approximately BCS 4 or BCS 6) by the study start date (NRC, 2000; level 1) .
At study initiation, 120 cows were placed into a 26ha flood meadow pasture that had been harvested for hay the previous summer and were offered 12.7 kg cow -1 d -1 of low-quality (yr 1 = 6.6% CP; yr 2 = 6.1% CP; DM basis) meadow hay. Cows remained in this pasture until the day they calved. At 0700 h on each supplementation day the cows were gathered and all nonsupplemented cows were immediately returned to the pasture while the supplemented cows were sorted into 1 of 12 pens (6 × 18 m) based on the previous blocking structure (5 cows/pen; 6 pens/BCS category). Supplemented cows received 1.81 kg/cow of DDGS (yr 1 = 31.2% CP; yr 2 = 30.6% CP; DM basis) every Monday and Wednesday and 2.72 kg/ cow every Friday such that the total amount of DDGS provided over the course of a week averaged 0.9 kg cow-1 d-1. Cows were returned to the pasture immediately after their allocated supplement was completely consumed (approximately 30 min). Samples of meadow hay and DDGS were collected weekly for determination of CP. Feed samples were ground to pass a 1-mm screen in a Wiley mill (Wiley Mill, Model 4; Arthur H. Thomas, Philadelphia, PA) and analyzed for DM (AOAC, 1996) and N (Leco CN-2000; Leco Corp., St. Joseph, MI).
On the day a cow calved, she was weighed, without restriction of feed or water, and BCS was assessed by 2 experienced technicians. Average calving date was March 18 and March 22 for yr 1 and 2, respectively. The calf was weighed, uniquely identified, castrated if male using elastrator bands (Agri-Pro Enterprises-Iowa Inc., Iowa Falls, IA), and blood was collected between 24 and 48 h after birth (Vacutainer; Becton Dickinson, Franklin Lakes, NJ) via jugular venipuncture and stored (4°C). Serum was harvested 24 h after collection by centrifugation at 1,500 × g for 15 min and stored at −20° C until analyzed for immunoglobulin G (IgG) concentration by singe radial immunodiffusion (Bovine IgG SRID kit; VMRD Inc., Pullman, WA). After being weighed, all cow/calf pairs were placed into a second 26-ha pasture and offered 13.6 kg cow -1 d -1 of the same meadow hay as was offered precalving until all cows had calved. No supplement was provided postcalving. After all cows had calved (May 15), all cow-calf pairs were transported to the Northern Great Basin Experimental Range (NGBER) where they grazed within a 810-ha pasture as a single herd for approximately 85 d. Six bulls were introduced into the pasture on June 1 after passing a breeding soundness exam and remained with the herd for 60 d. At the end of summer grazing (early August), calves were weaned at which time they were 150 ± 1.3 and 129 ± 1.6 d of age for yr 1 and 2, respectively.
At weaning, cows and calves were weighed following an overnight shrink (feed and water were withheld for 16 h), and BCS of cows was assessed by 3 experienced technicians. All weaned calves were transported from the NGBER to the EOARC and placed on a flood meadow pasture for 45 d where they grazed rake-bunched hay (Turner and DelCurto, 1991 ) that had been harvested in July. Weaned calves were fed 0.9 kg/calf of DDGS every Monday and Wednesday and 1.4 kg/calf every Friday such that the total amount of DDGS provided over the course of a week averaged 0.45 kg calf -1 d -1 . After 45 d, the weaned steer calves were placed in a commercial growing lot (61 d in yr 1; 105 d in yr 2) and then finished in a commercial feedlot in northeast Oregon. The weaned heifer calves were retained as herd replacements; therefore, they were not used for determination of treatment effects on growing and feedlot performance or carcass characteristics. No reproductive data was collected on heifer offspring. Cows remained in a single herd at the NGBER until mid-October, with no supplemental nutrition provided, at which time they were returned to the EOARC and pregnancy status determined by rectal palpation. About 1 mo prior to calving (February 15), all cows were vaccinated against respiratory and gastrointestinal diseases using Vira Shield 5 and Clostri Shield 7 (Novartis Animal Health US, Inc., Greensboro, NC). About 2 mo after calving (May 15) all cows were treated for internal and external parasites using Dectomax injectable (Pfizer Animal Health, Madison, NJ). Additionally, all cows were vaccinated with Vira Shield 5 + VL5 (Novartis Animal Health US, Inc.) at weaning.
At branding (mid-May), all calves were vaccinated with Clostrishield 7 and Virashield 6 + Somnus (Novartis Animal Health US, Inc.). At weaning, calves were vaccinated with One Shot Ultra 7, Bovi-Shield Gold 5, and TSV-2 (Pfizer Animal Health). In addition, they received Dectomax injectable (Pfizer Animal Health) for treatment of internal and external parasites. Four weeks later, all calves received a booster of Bovi-Shield Gold 5 + Somnus, Ultra Choice 7, and TSV-2 (Pfizer Animal Health).
Cow and calf performance data, excluding carcass traits, were analyzed as a randomized complete block design with supplementation pen as the experimental unit using the PROC MIXED option in SAS (SAS Inst. Inc., Cary, NC). Satterwaite approximation used to determine denominator degrees of freedom for the tests of fixed effects. The model included the effects of BCS, supplementation, and BCS × supplementation. Data were analyzed using supplementation pen (BCS × supplementation) and year as random variables. Data are reported as LS means.
The model statement used for analysis of carcass traits contained the effects of BCS, supplementation, and BCS × supplementation, whereas days on feed (DOF) was included as a covariate using PROC MIXED of SAS. Supplementation pen was used as the experimental unit. Data were analyzed using supplementation pen (BCS × supplementation) and year as random variables. Also, the proportion of carcasses grading choice was analyzed using the PROC GLIMMIX procedure of SAS with Satterwaite approximation for determining denominator degrees of freedom for the test of fixed effects. As with the analysis of the aforementioned carcass traits, the model statement contained the effects of BCS, supplementation, and BCS × supplementation, with DOF included as a covariate. Data were analyzed using supplementation pen (BCS × supplementation) and year as random variables.
Binomial data (cow pregnancy rate, live calves at birth and weaning, and calf sex) were analyzed as a randomized complete block design using the PROC GLIMMIX procedure of SAS with Satterwaite approximation used to determine denominator degrees of freedom for the tests of fixed effects. The model included the effects of BCS, supplementation, and BCS × supplementation. Data were analyzed using supplementation pen (BCS × supplementation) and year as random variables. Data are reported as LS means.
RESuLTS AND DISCuSSIoN
No BCS × supplementation interactions (P > 0.05) were noted; therefore, only main effect LS means are discussed. Also, the total number of cows removed from the study because of death, death of her calf prior to weaning, or failure to become pregnant during the breeding season was 19, 15, 4, and 6 for LBCS S, LBCS NS, HBCS S, and HBCS NS, respectively (Table 1) . Consequently, 28% of LBCS cows were removed from the study compared with 8% of the HBCS cows. The number of calves that died was 9, 8, 2, and 3 for LBCS S, LBCS NS, HBCS S, and HBCS NS, respectively.
Cow Performance
At study initiation, BW of HBCS cows was 62 kg greater (P < 0.001) than LBCS cows. Also, initial BCS of treatments came close to meeting our targeted values for HBCS and LBCS cows, respectively. The HBCS cows averaged 5.7 while LBCS cows averaged 4.4 (P < 0.001). At calving, the difference in BW and BCS between HBCS and LBCS cows remained (P < 0.001), and at weaning, the HBCS cows were still 29 kg heavier (P < 0.001) and had a 0.5 greater (P < 0.001) BCS than LBCS cows. These data agree with those reported by Stalker et al. (2007) who showed cows with greater BW and BCS at the beginning of the last trimester of gestation also had greater BW and BCS at calving and at weaning.
As with BCS treatments, BW and BCS of supplemented and nonsupplemented cows were similar at study initiation (P ≥ 0.41; Table 2 ). However, supplemented cows weighed 34 kg more (P = 0.002) and had 0.2 greater (P = 0.005) BCS than nonsupplemented cows at calving. This agrees with other work in which DDGS was supplemented to mature beef cows consuming lowquality forage in late gestation (Winterholler et al., 2012) . However, no difference in BW of supplemented and nonsupplemented cows was noted at weaning (P = 0.16) but there was a tendency (P = 0.08) for supplemented cows to have a greater BCS than nonsupplemented. Our data agrees with numerous reports documenting the effect of protein supplementation of cows consuming poor quality forage during late gestation on BW and BCS (Randel, 1990; Bohnert et al., 2002; Stalker et al., 2007) .
Percentage of cows that became pregnant during the study was not affected by supplementation treatment (P = 0.94); however, there was a difference (P = 0.05) between HBCS and LBCS treatments. The average pregnancy rate for LBCS cows was 79% compared to 92% for the HBCS cows ( Table 2) . Body condition score at calving has been shown to influence pregnancy rates and interval from calving to pregnancy (DeRouen et al., 1994) . Mature cows calving with a BCS 5 or greater become pregnant in fewer days than do cows calving with a BCS 4 or less (Richards et al., 1986) . Our breeding season was 60 d, so it is possible that a longer breeding season may have resulted in a greater overall pregnancy rate for the LBCS cows; however, if length of the breeding season were limiting pregnancy rate, lengthening the breeding season would increase the calving interval and decrease the average age and BW of calves at a common weaning date.
Calf Performance
No effects on calf birth date were observed for LBCS or HBCS cows (P = 0.59) or for supplementation treatments (P = 0.48; Table 3 ). Also, no difference in the proportion of live calves at birth and weaning were observed due to supplementation (P > 0.27); however, the percentage of live calves at birth for the HBCS cows was 100% compared with 90% for the LBCS cows (P = 0.003). Also, the percentage of live calves at weaning was greater for HBCS, averaging 99% and 88% for HBCS and LBCS cows, respectively (P = 0.01). A reduction in live calves at weaning caused by nutrient restriction (Corah et al., 1975) or a lack of supplementation (Stalker et al., 2006) during the last trimester of gestation has been reported. However, like Stalker et al. (2007) we did not observe an effect of supplementation on live calves at weaning. Nevertheless, we did observe an effect of cow BCS during the last trimester of gestation on percentage of live calves at weaning which is in contrast to the results reported by Stalker et al. (2007) . The difference between the two studies could be because the BCS of cows in our study was lower. The LBCS cows in our study entered the last trimester of gestation with a BCS of 4.4 whereas the November weaned cows in Stalker et al. (2007) entered the last trimester of gestation with a BCS of 5.0.
Calf birth weight was 2.6 kg greater (P = 0.001) for HBCS cows compared to LBCS cows (Table 3 ) and 1.5 kg greater (P = 0.05) for supplemented compared to nonsupplemented cows; no incidents of dystocia were noted during the study. The effect of supplementation during gestation on calf birth weight has been inconclusive, with some studies showing an increase in birth weight (Clanton and Zimmerman, 1970; Larson et al., 2009; Winterholler et al., 2012) but most showing no influence of supplementation on calf birth weight (Bohnert et al., 2002; Currier et al., 2004; Stalker et al., 2006) . The reason for the ap- Table 3 . Performance of calves born to cows that entered the last trimester of gestation in low BCS (LBCS; approximately 4) or high BCS (HBCS; approximately 6) and offered 0.0 (No) or 0.9 kg/d (Yes) of dried distillers grains with solubles during the last trimester of gestation parent inconsistencies is not readily apparent; however, it is possible that differences in the type and amount of supplements used in the studies could have influenced fetal growth. In support of our data, Winterholler et al. (2012) supplemented late-gestation cows with DDGS and noted an increase in calf birth weight. These authors implied that added energy from DDGS supplementation may have been partitioned to help support fetal growth.
The increased birth weight of calves from HBCS compared with LBCS cows is most likely due to the improved energy status and body condition of the HBCS cows. Spitzer et al. (1995) and Winterholler et al. (2012) reported that increasing cow BCS during late gestation increased calf birth weight. In addition, lower calf birth weights have been documented from cows with lower body weight and/or decreased precalving nutrient intake (Bellows et al., 1971; Bellows and Short, 1978; Corah et al., 1975) . Therefore, the improved energy status of the HBCS compared with the LBCS cows prior to study initiation may have ameliorated the potential negative effects on calf birth weight resulting from the lower energy status of the LBCS cows. There was no effect of treatment on calf serum IgG level at birth (P ≥ 0.30), and all IgG levels were sufficient to indicate successful transfer of passive immunity to the calf (Tyler et al., 1996) .
Calf BW at weaning was not influenced by cow BCS (P = 0.12) but was increased for calves from supplemented compared to nonsupplemented cows (P = 0.02; Table 3 ). This data agrees with previous work indicating that supplementation of cows precalving increases weaning performance of steer (Larson et al., 2009; Stalker et al., 2006 Stalker et al., , 2007 and heifer (Funston et al., 2010) offspring. Also, improved weaning performance of calves has been reported from cows receiving a greater plane of nutrition than those experiencing nutrient restriction during late gestation (Clanton and Zimmerman, 1970; Corah et al., 1975) . Also, calf ADG to weaning was not affected by cow BCS (P = 0.92) but tended to be greater for calves born to cows that received supplement during the last third of gestation (P = 0.09). Because of the greater number of live calves at weaning for the HBCS compared with LBCS cows, the weight weaned per cow was 26 kg greater (P = 0.004) for HBCS, thereby yielding more marketable product. Supplementation had no affect (P = 0.98) on weight weaned.
Initial and final BW of calves entering the growing lot and, consequently, initial BW of calves entering the feedlot were greater (P = 0.02) for calves from HBCS cows compared with calves from LBCS cows (Table 3) . Also, calf initial BW entering the growing lot tended (P = 0.10) to be heavier for supplemented cows compared with nonsupplemented cows. However, no BCS or supplementation treatment effects were observed on calf ADG in the growing lot or feedlot (P ≥ 0.24) or on car-cass characteristics (P ≥ 0.16). Consequently, our gestational treatments did not affect calf development in a manner that altered growing lot or feedlot performance, including carcass traits, which agrees with data reported by Stalker et al. (2006) in which late gestational supplementation of cows consuming dormant winter range did not alter feedlot performance or carcass traits of the subsequent offspring. This is in contrast to other research in which the HCW (Stalker et al., 2007) and yield grade and marbling score (Larson et al., 2009 ) of steer progeny from dams that received supplement during the last third of gestation were improved compared to progeny from nonsupplemented dams. An explanation for the inconsistent results is not readily apparent; however, it is possible that differences in prior nutritional status of the cows, winter grazing system, and/or weaning strategies may be responsible for the differences noted. Stalker et al. (2007) weaned cows in mid-August or early November and half of each group was provided a CP supplement from December to March while Larson et al. (2009) evaluated the effect of CP supplementation on 2 winter grazing systems (dormant winter range or corn residue) during late gestation. In our work and Stalker et al. (2006) , all cows consumed a common basal diet and all calves were weaned at a common date, within study, thereby minimizing potential confounding of supplementation results by grazing system and weaning strategy. For example, Larson et al. (2009) reported grazing system × CP supplementation interactions for calf weaning weight and HCW while Stalker et al. (2007) reported weaning date × CP supplementation interactions for finishing ADG and HCW of progeny.
Prior research has shown that nutrient restriction during early to mid-gestation negatively affects fetal growth (Wu et al., 2004) , including myogenesis and adipogensis (Du et al., , 2011 , decreases tenderness and adipose tissue deposition , decreases the responsiveness of the hypothalamic-pituitary-adrenal axis in female progeny (Long et al., 2010a) , organ development and function (Long et al., 2009) , and gene expression (Long et al., 2010b) . Nevertheless, even though differences in organ cellular composition and function were noted, Long et al. (2009 Long et al. ( , 2010b showed that when beef cows are provided nutrients at a level that meets nutritional requirements during late gestation, it can ameliorate many of the negative consequences (growth and carcass characteristics) of intrauterine growth restriction resulting from early-to midgestational nutrient restriction. Also, other research with late-gestational supplementation of cows has resulted in positive effects on age at puberty and pregnancy rate of female offspring (Martin et al., 2007; Funston et al., 2010) . Even though the current study was not designed to specifically ascertain the consequences of early-or mid-gestational nutrient restriction on the performance of progeny, our data adds novel information regarding the relationship of BCS, within the range of 4 to 6, and supplementation of beef cows during late gestation on preweaning and postweaning performance of calves. In addition, our research further substantiates historical data that stresses the importance of maintaining cows in acceptable BCS entering the last third of gestation. Further research is warranted to help elucidate the mechanisms (environmental, nutritional, genetics, gestational period, etc.) , and subsequent interactions, by which dam nutrition effects progeny performance.
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